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Under condi t ions  of s t a b l e  weight lessness  the  mechanical 
r ecep to r s  do n o t  f u r n i s h  information about t he  surrounding 
environments, t h e  motion, and the p o s i t i o n  o f  t h e  body. Vision 
se rves  as the  only r e l i a b l e  l i n k  between t h e  a s t r o n a u t  and the  
surrounding w o r l d  under these  conditions.  A l s o  t h e  bas i c  i n f o r -  
mation about t h e  performance o f  the  systems on t h e  spaceship i s  
r ece ived  by the  a s t r o n a u t ,  j u s t  a s  by f l y e r s ,  w i t h  t h e  a i d  of  
v i s i o n .  Certain authors clzim, tha t  n i n e  t e n t h s  o f  t h e  e n t i r e  
information is  received by f l y e r s  w i t h  t h e  a i d  o f  t h e  v i s u a l  
communication channel and t h r e e  fou r ths  of a l l  e r r o r s  made by 
f l y e r s  during t h e  f l i g h t  i s  due t o  t h e  v i s u a l  ana lyzer  
(Stevenson, F i t t s )  

A spaceship i s  no exception. The design o f  manually- 
opera ted  c o n t r o l  systems o f  t h e  present  and f u t u r e  spaceships ,  
t h e  j o i n i n g  o f  space ob jec t s ,  the  landing  on o t h e r  p l a n e t s ,  and 
t h e  work done ou t s ide  ths spaceship a r e  based, as a r u l e ,  on 
man's a b i l i t y  t o  d e t e c t  l i g h t  s igna l s  on some background and t o  
i d e n t i f y  var ious  types of v i s i b l e  shapes. It i s ,  t h e r e f o r e ,  
c l e a r  t ha t  t h e  l e v e l  of func t iona l  p o s s i b i l i t i e s  of t h e  a s t r o -  
n a u t ' s  v i s i o n  during h i s  t r a v e l  i n  space is  important and  why 
Considerable a t t e n t i o n  i s  pa id  t o  t h i s  analyzer .  

P r i o r  t o  t h e  space f l i g h t s ,  it was assumed that  the  
absence of g r a v i t y  might deform t h e  eyebal l  and change t h e  
f u n c t i o n a l  a b i l i t i e s  of t h e  v i s ion  analyzer.  It was expected 
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t h a t  t h e  moving system o f  t h e  eyes w o u l d  i n  some way l o s e  t h e  
a b i l i t y  t o  coordinate  motions, which was acquired during i t s  
l i f e t i m e  and, as a r e s u l t ,  would a f f e c t  t h e  func t ions  o f  v i s ion :  
It wolfid impai r  t h e  v i s i o n  I n  depth, d i s r u p t  t h e  processes  o f  
accommodation and convergence, e t c .  

A l l  o f  these  had t o  %e checke:! befcrre the  f i r s t  t r a v e l  i n  
space made by man. The e a r l y  experiments were performed on air- 
c r a f t s  f l y i n g  along a Kepler curve where i t  was poss ib l e ,  
a l though only f o r  a s h o r t  durat ion,  t o  ob ta in  a s t a t e  o f  weight- 
l e s s n e s s .  

I n  a d d i t i o n ,  t h e r e  appeared t h e o r e t i c a l  premises based on 
t h e  knowledge o f  t h e  medium t o  b e  erico-antered by an as t ronaut .  
For example, as e a r l y  as during the  Tenth I n t e r n a t i o n a l  Ast ro-  
n a u t i c a l  Congress i n  1959, K h .  Shtrukhgol 'd  compared t h e  condi- 
t i o n s  of an astronaut's vision func t ion  with t h e  v i s i o n  in 
depth. He emphasized that the stars w i l l  appear  brighter t o  t h e  
a s t r o n a u t  and t h e  moon w i l l  be b l ind ing  (by 30% more than when 
observed on t h e  e a r t h ) .  
l e s s  i l lumina ted  than the n igh t  sky observed on t h e  ea r th .  

The sky o f  t he  cosmic space is t e n  times 

Experiments were c a r r i e d  out on a i r c r a f t s  under condi t ions  
o f  shor t -dura t ion  weight lessness .  

American s p e c i a l i s t s  taking p a r t  i n  such f l i g h t s  have 
noted a reduced sharpness  o f  v i s ion  by an average o f  6%. 
I n t e r e s t i n g  data were a l s o  obtained by Sovie t  medics. 
example, under condi t ions  o f  short-durat ion weight lessness ,  
L. A .  Kitayev-Smyk observed a d i l u t i o n  and  warping o f  v i s i b l e  
obzec t s ,  Upon i n v e s t i g a t i n g  t h e  percept ion o f  c o l o r ,  he found 
an inc rease  I n  t h e  br ightness  o f  t h e  co io r s  -- yel2.w i r r  
p a r t i c u l a r .  Some opera tors  observed a v i o l e t  aureole  around 
luminous ob jec t s .  

For 

Inves t iga t ions  have shown that t h e  sharpness o f  v i s i o n  is 
reduced i n  t h e  condi t ion  o f  weightlessness ; some persons,  how- 
eve r ,  have had t h e i r  sharpness o f  v i s i o n  r e s t o r e d ,  and, when 
remaining i n  t h e  s t a t e  of  weightlessness a l i t t l e  l onge r ,  t h e  
o r i g i n a l  l e v e l  was even exceeded. 

However, t h e  r e s u l t s  o f  t he  i n v e s t i g a t i o n s  c a r r i e d  out  i n  
f l i g h t s  along a Kepler curve d i d  n o t ,  of course,  y i e l d  a 
complete p i c t u r e  because during t h e  300-40 Sec, t h e  organism had 
no t ime t o  a d j u s t  i t s e l f  t o  t h e  condi t ions  o f  weightlessness.  
The obtained information can be considered only as i n d i c a t i n g  
c e r t a i n  t r a n s i t i o n a l  values  of  t h e  s t u d i e d  funct ion.  

Therefore, as soon as an opportuni ty  appeared, i t  was 
p o s s i b l e  t o  c a r r y  out t h e  inves t iga t ions  i n  t h e  environments of 
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space t r a v e l .  The i n v e s t i g a t i o n  program o f  t h e  spaceship 
"Voskhod" included t h e  s tudy of the  r e so lv ing  power o f  t h e  v i s i o n  
ana lyzer  of t h e  a s t ronau t s .  The sharpness of  v i s i o n  was checked 
with t h e  a i d  o f  a s e t  o f  s tandard  t a r g e t  marks pasted on t he  log-  
book of t h e  sh ip .  The t a r g e t  marks had t o  3 s  o b s e r ~ e d  at a 
d i s t ance  o f  300 mm. 

In order  t o  d i s c l o s e  t h e  r e l a t i o n s h i p  between t h e  vaiues  
o f  t h e  v i s i o n  sharpness determined by conventional methods and 
the  method used in our  t e s t s ,  it was necessary t o  c a r r y  out  a 
s e r i e s  of c o r r e l a t e d  t e s t s .  The sharpness o f  vision o f  t he  
t e s t e d  persons was f i rs t  determined w i t h  the a i d  o f  Sivtsev's 
t a b l e s  (Landol ' t  rings) a n d  l a t e r  by t h e  t a r g e t  marks. The 
obtained r e s u l t s  d i sc losed  a high degree o f  correspondence o f  
t h e  sharpness o f  t h e  v i s i o n s  determined by t h e s e  two methods. 

nau t s  was determined even before  the f l i g h t  by l abo ra to ry  
inves t iga t ions .  For t h i s  purpose, both t h e  main and stand-by 
personnel o f  t he  crew were u t i l i z e d .  Tests  were also made during 
t h e  t r a i n i n g s  on a t r a i n i n g  s h i p  in accordance with t h e  f l i g h t  
program. The r e s u l t s  o f  t hese  experiments were needed f o r  
comparison with t h e  r e s u l t s  obtained in f l i g h t s .  

The r e so lv ing  power of t h e  v i s i o n  ana lyzer  o f  t h e  astro- 

The sharpness o f  v i s ion  of  t h e  a s t r o n a u t s  w a s  determined 
during the  f i f t h  and s i x t h  o r b i t s  a n d  t ha t  of B. B. Yegorov and 
V. M. Homarov was a l s o  determined a t  t h e  beginning and end o f  
t h e  f l i g h t .  The obtained r e s u l t s  t e s t i f y  t ha t  t h e  reso lv ing  
power of t he  v i s i o n  remained a l m o s t  unchanged f o r  a l l  a s t ronau t s  
during t h e  e n t i r e  f l i g h t .  The i n s i g n i f i c a n t  v a r i a t i o n s  noted 
when analyzing t h e  obtained data  were within t h e  va lue  allowed 
f o r  e r r o r s  of t h i s  method. 

The v i s u a l  work capac i ty  o f  t h e  a s t ronau t s  was a l s o  t e s t e d  
during t h e  f l i g h t s  o f  t h e  "Voskhod" spaceships.  

The t a r g e t  marks and t h e  t e s t  t a b l e s  made i t  poss ib l e  t o  
determine t h e  ope ra t iona l  work capacity.  For t h i s ,  t h e  ope ra to r  
i s  r equ i r ed  t o  f i n d  t h e  element o f  t h e  t a r g e t  mark i n  which he 
can count t h e  number o f  marks by holding t h e  t a r g e t  a t  a d i s t ance  
o f  300 mm. Such a voluntary s e l e c t i o n  o f  t he  element of  t h e  
t a r g e t  marks e l imina tes  t h e  e f f e c t  of  t h e  sharpness of v i s i o n  on 
t h e  r e s u l t  of t h e  t e s t ,  because t h e  t e s t e d  person i n  any case 
used an  element of t h e  t a r g e t  marks which, according t o  ca lcu la-  
t i o n s ,  exceeded h i s  threshold  of  v i s ion .  

This method was f irst  t e s t e d  i n  l abora to ry  experiments a n d  
t h e  obtained data were used f o r  a comparison with those  obtained 
duririg a f l i g h t .  
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The "above-threshold" increase  i n  sharpness o f  t h e  astro- 
n a u t ' s  v i s ion  i s  shown i n  Pig. 1. For example, t h e  t a r g e t  narks  
s e l e c t e d  by t h e  a s t ronau t s  f o r  t h e i r  work were on t h e  average 
20% h igher  than t h e i r  th reshold  of v i s i o n ,  except those of B. B. 
Yegorov with a va lue  c l o s e  t o  42%. 

The data on t h e  v i s u a l  W ~ r k  capac i ty  o f  t he  members o f  
the  crew of  "Voskhod-2" is shown in Fig. 2. 

The c i t e d  data i n d i c a t e  t ha t  t h e  ope ra t iona l  v i s u a l  work 
capac i ty  is considerably reduced on 8 spaceship. This I s  
apparent ly  due t o  t h e  f a c t  that  weight lessness  d i s r u p t s  n o t  only 
t h e  o v e r a l l  coordinat ion o f  motion but  a lso t h e  coordinat ion o f  
t h e  group o f  eyeball-moving muscles. Under t h e  new condi t ions ,  
t h e i r  i n t e n s i f i e d  e f f o r t  t o  change t h e  f i x i n g  point  becomes 
excessive and, as a r e s u l t ,  the  glance a c t s  as i f  i t  "skips" t h e  
r equ i r ed  poin t .  The eye must be tuned d i f f e r e n t l y  than i t  was 
before  and this  i s  d i f f i c u l t '  t o  accomplish because a new impulse 
a r r i v e s  a t  t h e  exp i r a t ion  o f  0.01 sec  which s k i p s  during t h e  
per iod of  t h e  r e f r a c t o r y  phase. However, i n  case o f  l a r g e r  
parts,  t h i s  phenomenon is  no t  observed because an increased  
r e s o l v i n g  angle  reduces sharp ly  the frequency o f  t h e  impulses. 

i nd iv idua l  elements of t h e  opera t iona l  work capac i ty  o f  t h e  
a s t r o n a u t s  were obtained a t  d i f f e r e n t  s t a g e s  o f  t h e  f l i g h t s  
(Fig.  3 ) .  For example, while a s t a b i l i t y  o f  i n d i c a t o r s  was 
noted i n  t h e  case o f  V. M. Komarov, t he re  was an i n s i g n i f i c a n t  
impairment of t h e s e  func t ions  i n  t h e  case o f  B. B. Yegorov as 
t h e  f l i g h t  i n  space continued t o  develop. 

I n t e r e s t i n g  d a t a  on t h e  comparative c h a r a c t e r i s t i c s  of  

Data were a l s o  obtained on t h e  percept ion ~f different 
c o l o r s  of o b j e c t s  during a f l i g h t  i n  space. Our aim was t o  
i n v e s t i g a t e  the  percept ion of c o l o r s  o f  ob jec t s  i n s i d e  a space- 
s h i p  by using a s p e c i a l  t a b l e  f o r  th is  purpose. It contained 
s i x  bands o f  d i f f e r e n t  co lo r s  l oca t ed  next  t o  black-white graded 
wedges . 

It is known that  a l l  co lors  approach that  of black as 
t h e i r  b r ightness  decreases. Therefore, a comparison o f  t h e  
b r igh tness  o f  any c o l o r  with t h e  br ightness  o f  t he  grades o f  a 
black-white wedge serves  as an ob jec t ive  i n d i c a t o r  o f  i t s  
br ightness .  Three bas i c  co lo r s  ( r e d ,  green and b lue)  and t h r e e  
of  t h e i r  complementary c o l o r s  were s e l e c t e d  f o r  t h e  inves t iga-  
t i o n .  During t h e  t r a v e l  i n  space, an as t ronau t  had t o  f i n d  f o r  
each c o l o r  a black-white range o f  wedges whose br ightness  would 
be the same. A black-white wedge made i t  poss ib l e  t o  measure 
t h e  b r igh tness  o f  t h e  ob jec t ive  c o l o r s  within i t s  t en fo ld  change. 
The average value o f  t he  e r r o r  o f  a s i n g l e  determination o f  t h e  
b r igh tness  o f  a c o l o r  i s  equal t o  15-30s according t o  t h i s  
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t ab l e .  A s t a t i s t i c a l  processing o f  repeated measurement taken 
during the  f l i g h t  made it p o s s i b l e  t o  reduce i t  t o  5--6$. 

A comparison Setween the  r e s u l t s  obtained by t e s t i n g  and 
i n - f l i g h t  i n v e s t i g a t i o n s  c a r r i e d  out i n  d a y l i g h t  made i t  poss ib l e  
t o  d i sc lose  t h e  d i f f e r e n t i a l  changes i n  t h e  percept ion o f  c o l o r s  
o f  ob jec ts .  The l e v e l  o f  the f u c t i o n a l  s t a b i l i t y  o f  chromatic 
v i s i o n  i s  s u b s t a n t i a l l y  a f f e c t e d  by a s e r i e s  o f  condi t ions ,  such 
as c o l o r  adapta t ion ,  simultaneous and success ive  c o n t r a s t ,  
s p e c i a l  f e a t u r e s  o f  t h e  process o f  comparing, e tc .  It  was 
necessary t o  t ake  these  condi t ions I c t o  account and t o  explain 
t h e  n e t  e f f e c t  of weightlessness on t he  inves t iga t ed  func t ion  of 
v i s ion .  For t h i s ,  t he  root-mean-square e r r o r  o f  a s i n g l e  
equa l i za t ion  o f  t h e  br ightness  of  t h e  c o l o r ' s  and black-white 
f i e l d s  was derived, The measurements taken a t  d i f f e r e n t  t imes 
and w i t h  d i f f e r e n t  co lo r  t a b l e s  have shown tha t  i t s  value f o r  
t h e  employed c o l o r s  is  equal t o  27.86. 

During t h e  f l i g h t  o f  t h e  spaceship "Voskhod-2" t h e r e  was 
e s t a b l i s h e d  a no t i ceab le  reduct ion i n  t h e  s u b j e c t i v e  b r igh tness  
o f  t h e  c o l o r s  observed by the  as t ronauts .  The average reduct ion 
o f  t h e  br ightness  of a l l  c o l o r s  was equal t o  26.1% f o r  P. I. 
Belyayev and 25% f o r  A. A, Leonov. A maximum devia t ion  was 
observed i n  determining t h e  br ightness  of t h e  purple ,  azure,  and  
green c o l o r s  a n d  a smaller  deviat ion was in t h e  r e d  co lor .  The 
reduct ion  in t h e  br ightness  of a l l  o t h e r  c o l o r s  o f  ob jec t s  d i d  
n o t  exceed 10%. It s h o u l d  be noted that t h e r e  was n o t  a s i n g l e  
case  showing an  inc rease  i n  br ightness  o f  t h e  exhib i ted  co lors .  

The reason f o r  such a l a r g e  reduct ion  i n  br ightness  o f  
in2ividr?al c o l o r s  tak ing  p lace  under condi t ions  o f  weight lessness  

more thorough inves t iga t ions .  
i s  n o t  y e t  explained and i t s  d isc losure  ----. r t t y u i r ~ ~  -a- c * u u - G - -  n A A 4 t l n n d  and 

There i s  a l s o  s t i l l  another method of analyzing t h e  
dynamics of t h e  reso lv ing  power o f  t h e  v i s u a l  ana lyzer  during a 
f l i g h t .  It dea ls  wi th  t h e  ind iv idua l  r e p o r t s  of t h e  a s t r o n a u t s  
on t h e  v i s u a l  observat ion o f  the  e a r t h ' s  su r f ace  and o f  o b j e c t s  
i n  space. An a n a l y s i s  of t h e s e  r e p o r t s  and the  t h e o r e t i c a l l y  
c a l c u l a t e d  v i s i o n  o f  t h e  a s t ronau t s  a r e  shown i n  t h e  Table. 

The Table shows that t h e  sharpness o f  v i s i o n  during an 
o r b i t a l  f l i g h t  i s  h igher  than  the  average s tandards ;  i t  pe r t a ins ,  
however, only t o  ob jec t s  which extend l i n e a r l y  (highways, 
i n v e r s e  t r a c k s ,  e t c . ) .  However, under condi t ions  on t h e  ground, 
t h e  sharpness  of v i s i o n  appl icable  t o  t hese  ob jec t s  i s  a l s o  
h i g h e r  and  i n  s e v e r a l  cases  i t  is  even h igher  i n  a l a r g e r  degree 
than shown i n  t h e  Table. This was mentioned, i n  p a r t i c u l a r  by 
S .  V. Kravkov, as e a r l y  as 1936. 



Theore t ica l ly  Calculated Sharpness of  Vision of  Astronauts 
According t o  Their Ind iv idua l  Reports 

Observed oLjects 

Rivers o f  Amazon, Volga, Mile types 
Large highways 
Take-off - l anding  s t r i p s  
Ships  i n  shipyards 
Cruising ships  
Inverse t r a c k s  o f  a i r c r a f t s  
Beach s t r i p  (Caucasus) 

Approximate 
va lue  o f  
o"ujects, 

angular  minutes 

not l e s s  than: 
10-20 

0.2-0.5 
0.5-1.0 
0.3-1.5 

1-3 
0.2-0.4 
0.3-0.5 

Sharpn e s s 
of v i s i o n  

more than: 
0.1-0.5 

5-2 
2-1 
3-0 7 
1-0 3 
5-2 5 
3-2 

In t he  American p res s ,  i n t e r e s t i n g  data on t h e  ind iv idua l  
r e p o r t s  o f  t h e  a s t ronau t s  (Aviation Week, 1965, No 9,  Gem, 
1965 and o t h e r s )  were published. For example, Cooper observed 
automobiles on highways, Conrad saw t h r e e  a i r p l a n e s  i n  t h e  a i r ,  
Borman observed the  launching of a rocke t  and saw t h e  Panama 
Canal, e t c .  

There is no doubt t h a t  i n  t h i s  case a sha rp  inc rease  i n  
t h e  sharpness  of v i s i o ~  6uring a f l i g h t  i s  noted which can be 
explained by t h e  o b j e c t ' s  extension ( t r a i n s  02 dust  l e f t  hy the  
automobiles,  t h e  inve r se  t r a c k s  o f  t h e  a i r p l a n e s ,  e tc .  ) . 
Remaining somewhat unexplained, however, i s  t h e  mechanism of  t h e  
l a r g e  inc rease  i n  sharpness of v i s ion  o f  t he  a s t ronau t s  Cernan 
and S t a f f o r d  who saw an a i rp l ane  on t he  ground and even deter-  
mined i t s  name. Yet, t he  experiments c a r r i e d  out  on t h e  space- 
s h i p  "Gemini-11" t o  study t h e  reso lv ing  power o f  v i s i o n  do n o t ,  
according t o  t h e  t e s t s  made on t h e  ground, make it  poss ib l e  t o  
claim a sharp increase  i n  t h e  func t ion  o f  t h e  v i s i o n  analyzer .  
For example, ou t  of 1 2  rec tangles  l o c a t e d  on t h e  ground, t he  
a s t r o n a u t s  i d e n t i f i e d  only t h r e e  and  t h e  numerals i n  two o f  
them were i n c o r r e c t l y  named. 

The car r ied-out  i nves t iga t ions  show tha t  during t r a v e l  i n  
space t h e  func t iona l  a b i l i t i e s  o f  t h e  v i s u a l  ana lyzer  undergo 
d e f i n i t e  changes. While t h e  accumulated information i s  s t i l l  
inadequate  and c e r t a i n  aspec ts  r e q u i r e  a f u r t h e r  s tudy ,  i t  can 
be claimed, even nowl that i t  i s  necessary t o  d i sc lose  t h e  
p e c u l i a r i t i e s  of man s v i s i o n  under condi t ions  of space t r a v e l .  
This pertains t o  s p e o i a l i s t s  developing t h e  instruments  and 
i n d i c a t i n g  f a c i l i t i e s  and also t o  persons who t r a i n  t h e  a s t ro -  
n a u t s  f o r  t r a v e l  i n  space. 
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